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Late Neoarchean tectonic evolution of western Shandong: Evidence from
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Abstract: Early Precambrian basement is well developed in western Shandong Province of the North China Craton.
This paper shows a systematic study of the monzogranites from Culai Mountain, western Shandong, revealing the
evolution history of Precambrian crust in the eastern part of North China Craton. LA-ICP-MS zircon U-Pb isotopic
dating shows that the monzogranites from Culai Mountain were formed at about 2. 48 Ga, which also restricts the
time limit of metamorphism-anatexis in Culaishan area. The rocks have high Si, Na and K, low P, a A/CNK ratio

of 0.94~1.10, and belong to the high-K calc-alkaline series. The monzogranites exhibit enriched light rare earth
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elements (LREEs) with no 6Eu anomalies, and are enriched in large ion lithophile elements (LILEs) (e.g., Rb,
Sr and Ba), and depleted in high field strength elements (HFSEs) (e.g., Nb, Ta, P and Ti). Based on compre-

hensive analysis, it is believed that the monzogranite from Culai Mountain originated from partial remelting of the

about 2.7 Ga thickened lower crust (tonalite TTG rocks). Formed in an extensional environment after collisional

orogenesis, it marks that the completion of the collage of micro-land masses in western Shandong in the late Neo-

archean, and together with other regions to formed a stable North China Archean Craton.
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(P 1a), E 2 r o R a0 28 R L R Ao oo i A -
A DR G 2 DA B /b v A AR A AR S A A (58
=ME%, 2018; A &S, 2023), HORBEZ M E A
U-Pb Fl Lu-Hf [A] i 3 %R R W, 4240 5 47 38 75 29
3.8 Ga FFUR A B IATI T Ia M —RINZHr B 1t
—EH MRS AR 3 R (Wu et al. , 2008; Zhai and
Santosh, 2011; Wan et al. , 2012) , 2 WF5T HBR L 1]
KRBT WA 1 AL B P o X, e P A b ik v
Prim b e, KB DORTAE R B RIS, Ak
N, Aedb v b a7 A TR I A R K AR S
SR SR AT A G NI el T B S i P
H SR, AR A B RN AUFESY 1,85 Ga KA —
WSLHLEAL ( Zhao et al. , 2005) ; T W [ (2011)
PRI HBERAE 2. 9~2.7 Ga W E RFfisetiE 2 )5,
FEAAR AR 9 A oot AR & 00 T W s hr
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ANFELE RIS oA T, A 2 25 3R 4 T g 2 b
PR R T RS R (R IE, 20125 5K G 4
2013) 5 A 2F A A AR AL sa P 2R 5 7 B K AR

W) % B 5 AR oA S 1 e 5T AR B K LA R
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Hh% 4 (Bai et al. , 2015, 2016 Fu et al. , 2017,
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2018) .
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PRI B L s 43 AR Bl B s 20 o R EUE HE
BAE b 2 W ) A e (AL EE R AE R A e
H AL ) KB EAL(Fu et al. |, 20185 Sun et al. ,
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Fig. 1

Distribution of basement tectonic units in North China Craton (a, modified after Zhai, 2014) and geological

map of western Shandong (b, modified after Wan et al. , 2010, 2011; Hu et al. , 2019)
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Fig. 2 Closeup outcrop photographs (a, b) and photomicrographs (c, d) of the monzogranites in western Shandong
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IR Ay 0 S2 36 % 58 A, R MonoCL3 32 Gt %
AT CL 4548 RO BB I RSN Geolas
Pro, ICP-MS %! 5 4 ThermoFisher 2% ] 4 7= iy
iCAPQ (AR M PEAN S E I B TR S 2% 240 5%
(2015) . $EAbFE 1 ICP MS datacal #4458 . ( Liu
et al. , 2008) . I JH ISOPLOT 3. 0 /5 #4745 4 4F
WA HIACT- B 15 K U-Ph 3% F0 A9 2 ) ( Ludwig,

2003) ,
4 iR
4.1 A U-PbEE

ARSI 1 =K AE 5 (D6525-21) 47 T
U-PhAE I 5 | 340 808 an R 1 BTR A s A

® 1 ZRKEREMR(D6525-Z1) $6HA LA-ICP-MS U-Pb JUF SR
Table 1 LA-ICP-MS zircon U-Pb dating results of monzogranite ( D6525-71)

e wy/107° I7l i 2% LA AF i/ Ma .
Th U Wpp,pp g DTppB5Y  rg W6pp 2By 1g  WTppN6py g DTpp Sy Lp 06pp 2B Lo on
1 511 569 0.8988 0.1461 0.0036 5.1825 0.1510 0.2559 0.0053 2301 2 1 850 25 1 469 27 T1%
2 54 81 0.6593 0.1572 0.0042 9.9217 0.2651 0.4566 0.008 6 2428 46 2428 25 2424 38 99%
3 134 212 0.6308 0.1576 0.0033 9.9509 0.2345 0.4548 0.0067 2 429 35 2 430 22 2 417 30 9%
4 215 325 0.6594 0.1567 0.0033 9.8017 0.2365 0.4495 0.0069 2 420 37 2 416 22 2393 31 9%
5 168 1569 0.1072 0.1558 0.0029 6.3286 0.1286 0.2919 0.0042 2410 32 2022 18 1 651 21 79%
6 409 1641 0.2492 0.1364 0.0025 2.2786 0.0472 0.1198 0.001 6 2183 32 1 206 15 730 9 50%
7 260 334 0.796 0.1585 0.0031 10.3655 0.2414 0.4695 0.008 6 2 440 33 2 468 22 2 481 38 9%
8 235 397 0.5922 0.1789 0.0035 11.4410 0.2308 0.4586 0.0067 2 042 33 2 560 19 2433 29 94%
9 116 200 0.5800 0.1574 0.0038 10.0523 0.2419 0.458 1 0.007 6 2 428 41 2 440 22 2 431 34 99%
10 204 270  0.7574 0.1618 0.0032 10.5363 0.2449 0.466 8  0.008 2 2 476 34 2483 22 2 469 36 9%
11 184 253 0.7285 0.1616 0.0030 10.4662 0.1951 0.4652 0.0059 2472 31 2 477 17 2 463 26 9%
12 189 204 0.9281 0.1607 0.0030 10.4282 0.2127 0.4662 0.0066 2 463 31 2 474 19 2 467 29 9%
13 155 219 0.7058 0.1612 0.0028 10.4541 0.1955 0.4659 0.006 1 2 468 30 2 476 17 2 465 27 9%
14 92 183 0.5027 0.1614 0.0036 10.4847 0.2551 0.4670 0.0075 2 470 39 2 479 23 2 470 33 9%
15 396 1010 0.3923 0.1400 0.0026 3.0523 0.046 0.1571 0.0023 2228 32 1421 16 941 13 59%
16 174 310 0.5622 0.1610 0.0036 9.6938 0.2251 0.4341 0.0077 2 466 37 2 406 21 234 35 96%
17 282 434 0.6501 0.1606 0.0037 7.9447 0.2232 0.3580 0.009 1 2 462 40 2225 25 1973 43 8%
18 91 114 0.8042 0.1662 0.0043 10.94994 0.2971 0.476 0 0.008 2 2 520 45 2 519 25 2 510 36 9%
19 140 932 0.1499 0.1376 0.0026 3.0443 0.1127 0.1589 0.005 1 2 198 33 1419 28 951 28 60%
20 78 130 0.6034 0.1652 0.0034 10.8683 0.2337 0.4746 0.007 1 2510 34 2512 20 2 504 31 9%
21 179 273 0.6553 0.1637 0.0028 10.5570 0.2691 0.4639 0.0099 2 495 29 2 485 24 2 457 44 98%
22 203 344 0.5907 0.1596 0.0030 8.5647 0.1788 0.3861 0.0059 2 451 31 2293 19 2 105 28 91%
23 122 105 0.1160 0.1406 0.0028 3.0527 0.1149 0.155 0.049 2235 35 1421 29 932 27 58%
24 143 225 0.6364 0.1616 0.0032 10.5246 0.2059 0.4696 0.008 5 2473 34 2482 18 2482 37 9%
25 131 183 0.7171 0.1598 0.0041 10.1054 0.2134 0.4553 0.0089 2453 43 2 444 20 2 419 40 98%

ok BB AR RAIR, AR R R, R AR 2
£ 100~200 um Z[H], #if CL BB~ 288 A
B IRIR, & B IR W, D a g A A 454
(Kl 3a) , 8541 Th/UHZTE 0. 50~1.90 Z [f], FiRFE
TR B T 80 () 5 3 R R A, X 20 il A
HEFT T 25 A EE Ao, B A 8 St T Bl
1927 Ph/ ™ Ph 4E#E , N 2 642+33 Ma, filf Bl 4k 7R 55
AEE ATES . TARATS A A E Ph RRIMA,
HREAEA—ELL L, H EASSAFE R 2 47911 Ma
(MSWD=1.2) , I\ HTTREAR R T A A T8 WA 1R,

AR 5 AR T[]
4.2 FEITEMBFEHE

Fim RO TT RN R W 2, 7 K AL
FEER SI0, S HRAE 67. 60% ~ 4. 64% 2 [6) , SF-14 N
72.15% ; AlLO, FHAE 12.55% ~ 16. 76% Z 1], -1
9 14.18% ; Na,0 S H#7E 3. 08% ~5. 98% 2 [i] , “F-1
H4.06%; K,0 SHAE 2. 81% ~5. 64% 2 8], LG
BRI, 2R 4. 45% 3 K,0/Na,O {52 K 1. 16;
CaO FHRTE 0. 71% ~2. 02% 2 8], F-2 g 1. 36%;
MgO &A1 T 0. 19%~0. 65% 28], SF-H4 0. 44%
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Fig. 3 CL images of representative zircon grains (a) and zircon U-Pb age diagram (b) from monzograniies in western Shandong

Mg"EA T 13 ~27 Z 0], F34{E R 20; TiO, & & 7E
0. 12% ~0.26% 211 , P30 0. 19% ., A A A XF
& Si.Na K. Al,#% Ca Ti Mg, 7E TAS [Kfi#r, £%k
FE S IR AL A X (B 4a) 5 7E K,0-Si0, #51
EICIE 4b) B Sl BT 7 A 5 B AG  PE 5 &R 91
FEMEY A/CNK {HAE 0.94~1. 10 Z [, SF4#4 4 1. 01,
16 A/NK-A/CNK & (& 4c) v, s s i - 55 1
FRITURRAE . 20 e PR S B A5 0o AR T ek v A
PERAE O THE
4.3 ETEMBKLFE
“RERAREICRBENT 36.92x10° ~
175.26x10°° Z[a], A8 AL E Bl A K, SE 44 {H h 93. 61x
10°°, Fr B R R A%, B e R T a0l 35. 15
1070~ 171. 15x 107, SF-34{H 89. 93x 107, Fffs + L E
R 1.77x10°~5. 73%10°°, SE 9 (H 3. 68x10°°,
BEMmEICR N 11.72~41. 64, Fu 3% 721k
K Hor 2 R 2 857 Eu 5%, 8Eu 4 T 0. 60 ~
0.66 Z[0], 7405 MFFEF ELES1E Eu 9%, 8Eu A F
1.0~1.72 Z 8], A%~ E % Rb . Ba K, Sr 5F
KEFEAILR, 5H Nb Ta P Ti =ikt R 1)
FRIE ( Sa) , 5 X 149 2. 70 Ga [ TTG 741
ol Mt oT R MEEEERH Lo REE &
i 0 5 50 ) A7 G o A R B AR AR R A
ZIK%T’:E[ZE&J:%] 2.70 Ga By TTG %E[Xiﬁ(Wan et
al. , 2011; Sun et al. , 2019b) .

5 i

5.1 U-PbERZEENX

IR AR AL B S RE i (D6525-Z1) I A1 A1
FFATF 2 642~2 420 Ma Z 7], 454 X b 15 5
A HREE S 2 X A A AR L

YRR EEATAES 2 642433 Ma F03E T 54— T
VAT IR BT IX T A B R AR
]2.65~2.60 Ga ) TTG A FEA AR A 2.70 Ga 12
NP A KR, T AR I AR ey i —
W TTG Ao e Ay I HARR T K29 2.60 Ga Y
AR O (FERIARSE ) 2005) , Bl40, B & %
PP S5t e = N BT i R e 45 A N % U-Pb AR I
K2 720~2 709 Ma, £ A7 F1ME I 4548 53 A= 10 47 i
2 62411 Ma( FEFIARSE, 2003) ; ZRILFEAT—H W =
DN BT 7 JRR 2 v i 0 B8 K AR 2 kIR &S A N
U-Pb 4E#2 4 2 620+16 Ma( E 7% 2008, 2012) .
PR, ASUORE b oty B A AR AR T X
—IREES K FIEE,

ALY 2.50 Ga (2 51034 Ma Fil 2 520+
45 Ma) FOEEAT AR i 2 Bt 1 2 65 7 b IX — YR 5 2 11
HRAEHTE SR, X 582 Pk F X
Ty AL v h A A D S A — B
i anZE 1L e ek 1L —RKALREE B 2 50727 Ma
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Table 2 Major (w,/%) and trace(w,/10™°) elements result of the monzogranites in western Shandong
FE G5 D5009-7Z1 PM5-19-Z1 PM5-26-71 D8042-71 PM9-1-71 D6425-71 D6426-71
Si0, 74. 64 71.76 74.39 72.46 71.38 67. 60 72.81
Tio, 0.12 0.24 0.20 0.26 0.19 0.14 0.19
Al,O4 13. 60 13.87 12.55 13.47 14. 66 16.76 14.32
TFe, 05 1. 60 2.38 1.59 2.62 2.09 2.56 1. 89
MnO 0.01 0.02 0.02 0.02 0.02 0.03 0.02
MgO 0.19 0. 65 0.22 0.42 0.42 0.78 0. 40
Ca0 0.87 1. 65 0.71 1.19 1.79 1.26 2.02
Na, O 3.76 3.08 3.68 3.92 4.31 5.98 3.68
K,O 5.64 4.33 4.71 5.31 3.63 2.81 4.71
P,05 0.10 0.17 0.13 0.18 0.15 0.16 0.14
LOI 0.15 1.10 0.26 0.82 0. 64 1.10 0.01
K,0/Na,0O 1.50 1.41 1.28 1.35 0.84 0.47 1.28
(o 2.80 1.90 2.23 2.36 3.36 1.20 2.21
A/CNK 0.98 1.09 1.01 0.94 1.03 1.10 0.96
A/NK 1. 11 1.42 1.12 1. 10 1.33 1.30 1.28
Mg 13 27 14 17 20 27 20
Ph 19. 00 15.40 26. 40 16.50 8.40 4.63 16. 40
Cr 3.67 11.20 3.30 5.04 25.40 7. 00 4.84
Ni 1.96 5.83 2.77 2.95 13. 00 5.00 2.89
Co 1. 16 3.43 1.22 1.92 4.20 4. 06 3.20
Rb 174. 00 122. 10 128. 20 132.00 98.70 17. 30 140. 00
Sr 268. 00 264. 60 151.30 244.50 588. 20 603. 00 373.90
Ba 779. 00 853.30 667.70 919.70 1325.2 284. 00 660. 60
Nb 2.59 2.77 2.00 4.07 9.80 1.70 5.20
Ta 0.17 0.15 0.09 0.20 0.52 0.07 0.78
Zr 79.10 152. 60 158. 00 165. 10 111.70 56. 00 93.00
Hf 2.38 3.80 4.40 3.90 3.10 1.29 2.50
\4 6. 68 16. 10 9.34 12. 00 31.30 14.30 22.40
Th 6.75 9.78 21.97 10. 43 3.81 0. 65 6.79
La 9.42 22.60 36.40 47. 40 14.70 5.96 13.20
Ce 17.50 48.90 97.30 69.90 29.70 11. 60 30. 50
Pr 1.62 4.10 7.72 8. 10 3.50 1.17 2.90
Nd 5.54 12.20 25.90 24.10 13.30 4.31 11. 80
Sm 0.77 1.40 3.28 3.40 2.90 0.75 2.00
Eu 0.30 0.45 0.55 0.63 0.85 0.36 0.60
Gd 0.55 0.98 2.14 2.15 2.10 0.47 1.40
Th 0.09 0.13 0.25 0.28 0.28 0.07 0.20
Dy 0.37 0.41 0.71 0.94 0.94 0.34 0. 80
Ho 0.09 0.09 0.12 0.16 0.15 0.07 0.17
Er 0.23 0.30 0.41 0.52 0.40 0.21 0.49
Tm 0.05 0.04 0.05 0.07 0.05 0.03 0.09
Yb 0.33 0.30 0.37 0.46 0.33 0.21 0.51
Lu 0.06 0.04 0.06 0.08 0.04 0.03 0.08
Y 2.77 2.74 3.10 4. 80 5.27 1.83 4.65
LREE/HREE 19. 82 39.17 41. 64 11.72 16.33 14.91 32.95
SEu 1.33 1.12 0. 60 0. 66 1.00 1.72 1.03
8Ce 1.01 1.15 1.35 0.80 0.98 1.01 1.16
(La/Yb) y 20.23 54.04 69. 81 73.91 31.57 20. 36 18.57
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Fig. 4 TAS diagram (a), K,0-SiO, diagram (b) and A/NK-A/CNK diagram (c¢) of monzogranites from Culai Mountain

in western Shandong Province ( diagram a and b modified after Rickwood, 1989; diagram ¢ modified after Maniar and

Piccoli, 1989)
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b) for the

monzogranites in western Shandong( chondrite and primitive mantle normalization factors are from Sun and McDonough, 1989;

about 2. 70 Ga TTG rocks are from Wan et al. , 2011; Sun et al. , 2019b)

(Wan et al., 2010); fH%R I — 4 16 5 A B N
2 525+18 Ma( 37484, 2017) ; X KA 5
55 1) KA A TE LT 2. 52~2. 50 Ga( Bt 4F
45 2008), KREZY2.50 Ga WA G0, Wik
BT 3K 2 5 VG M X 2 S ) B A A, T BB K
AR 1) T e A I b T SR A i
e (BT ARSE, 2017)

FA R LA AR 2 479411 Ma(MSWD=1.2)
AIREARER T 1HAR I R AL 0 A 5 S AR g ) JF:
H 5 X ERIEE R, BP0 5 AR 2
My — 2 7R, 56 D KT AR K A B 28 R

BV A A RAERA A, G2 ] WAL A
RASBIRA S, TEAS U FE XA A8 B o) L R
IR KA B4 25 12 A BB VR TR L 25 IR B =
N A TR G A s 79— iR A& P aid
SR DX 3828 R A IS 1] R 24 2. 50 Ga, 54ERd %
(AT A ) s sl g R ( £, 2017) i, &V i
PR X 0 = B AR R A AL T 2 511 ~2 497 Ma,
WK - K AR T2 2 511 Ma, Jf1E 2 475~2 451 Ma
BT XIAEBE (Gao et al. , 2018) 5 /KK IL
X TR A A R LRI A8 R 2 47514 Ma( Bk A
4, 2015) ; KAt TTG R R A TR AL 2 912+
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6 Ma, 7£ 2 488+9 Ma & AERIEIER , IE 1A R 33%
YEAER A (Wang et al. , 2014) ; iLJLIH I TTG Fl
FRBRIL T 2.56~2.51 Ga, 7B T 2. 49~2.48 Ga
(Wang et al. , 2016a; =R, 2020), &L
AKX ARCE S KRS -RE A - Rtk
A< 2 1A A Ak ) T 2R B A AR K 2 R B e TR
IEVE R i — 20 kR iy 45 3 (£ A, 2010), B,
292.48 Ga BRI AUE TIHRIL —RKAE KA HIIE
B, 38 AT REL SR T AR AR 1L DX RISV E A B FR
AR SCHEA AR R W, — 5 T & 5 1H
PRILHBIX 24 2. 50 Ga K Ab i< 77 1 5 K 06 S AR A
0 S AR B b 3 e S T R AR B A 2
BB — 3, 55— 7 1 A AR B e SR X R
YEHRYRTE] R 24 2. 48 Ga,iX 5610 78 b 2535 B A
ISR 307G T URER A AR AL iR Hh 35 A5 A A8
YEHIRFE] 2. 50 ~ 2. 45 Ga /& —3AY (Grant et al. ,
2009 ; Nutman et al. , 2011; Wang et al. , 2014; FAF
4, 2017 XNENE, 2022) , B, & PY1H AR L 1l X
TARAE AR AR v R B AR AR - o R
FUA A IR AR S A 2 JLE SRR
TR A AR FH RS AR AR BR 38 A5 e v hvoE AR
FOXF EL, 25T T B PR AR T
5.2 HAKEA
AR K AR

el A S B B A | TR

a

200
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JF - 55 AR AR (& 4b de) . AN, A A ESE Rb,
K .Zr F1 Hf 6%, W25 1 Ba Nb Ta Ti f1 P JGE&,
HA T Sr(140.9x10°°~653.3x10°°) ik Y (2. 74x
10°~8.90x107°) 11 Yb(0.22x107°~0. 89x107°) &
L St/Y {H(16~182) Al La/Yb {H (16 ~103) fiY
FRIE, B/b Bu f7 5 5 AR, 55 3508 5 i A 1Y
BRAL2ZFEAE AR AL (3K %5, 2003) . 7F (La/Yb) -
Yby 5 St/ Y=Y HpIE g A Yvs ARIB S A X
W, 5EPE C KK AR E—3 (Bl 6), &
i £ e R I S A AR A A RE B A AT
A1 W e 26 B A o0 R A R
(B 5b),Y/Yb {8 J9 8. 29 ~ 16. 65 (“FJ 10. 27),
(Ho/Yb) {54 0.78~7.38, 14 1. 05, Ho 7R Hok
MM EZERNAR A, St £ S e H Eu %%
AW W 7R RHE A A 2 LR AR R E 25 o
2 Nb Ta 7, R AY G5 Fe/m HAR B AE T
AIRE S A B 4L A BN A 55 5 Bk 4 (Wang et al. |
2020) ,

SR, B AR DR L — K AE R A 2 M Sio, \K,0
P, iR MgO . Cr Ni 23 LA AR Mg™ (B FUERE | 551
M 5T 0 Al B 3R 3K 58 A W] AR AT ( Zhang
et al. , 2010) ., F A Eu A5 AR K Hoal
REAN A 18 5 % K B K o B 4 i S R TR G 1Y
7/

150 b

o FHEKL T RAE K
A BCH —RAe s
120

-l
=

(La/Yb),

60

30

U EIlE A

K6 &YX KRS S/Y-Y(a) Fl(La/Yb) y=Yby(b) Elfi# (JEEHE Defant and Drummond, 1990; &4 C 1 K AL
REEAET I H Peng et al. , 2013a; EBRSF, 2022; HIASE, 2022; 5kik €&, 2023)
Fig. 6 Sr/Y-Y (a) and (La/Yb) y=Yby(b) diagrams of monzogranite in western Shandong Province ( after Defant and

Drummond , 1990 ; monzogranites from C zone after Peng et al. , 2013a; Wang Yue et al. , 2022; Yang Fan et al. , 2022;
Zhang Zhenfei et al. , 2023)
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Cr TOE & 5 MR, 32 PR A A R A 13
IR IR s 5 b Py i K A TR ISR -
A M EAEH (Martin e al. , 2005; SERKZ, 2022)
SPRUT T Hu 5T 5 045wl al A e, AR L K AR B
FAINTE Si0,,MgO . Cr Ni &, 1 V & 254K, H
AT BESE IR T M7 3 485 il 1Y 77 ) (Wang et al. |
2006) ,

HEABEZE R B, AR e Fim 29 2. 50 Ga 7 iliAE
B T A 42 Nd R R ABEAR IS Al A 1E [R) 467
FBAR IR S R BRI ¥ A T 2. 90~2. 70 Ga
Z 8], BRI TE R @ 2 2. 50 Ga AYH5E AT fiE Sk H
Frp = R AR B A b 5T ) O BCR o 1R
(Geng et al. , 2012; Wan et al. , 2014b; Gao et al.
2019) . EPUPRTHHLIX — KA s A HE Rl 2
AR BT E 2 2.70 Ga B TTG 284 A
e (R ILAE, 2022; FERAE, 2022), fHERIL — K
R ETPEA RN 2766 ~2 611 Ma (34554, to
VLS AT U AR 7E 2 2. 70 Ga 50 IR B4 IR
A CHE NG, 2017) - ASCIRBRIL 4B R A R
i+ IR B, ST X E 25 2. 70 Ga TTG
FKEAHT LRI B (K 5b), 7E 3 CaO-
AL 0,/ (TFeO+MgO) -5K,0/Na, 0 X R K (K7) 7,

3 CaO

o fHPl AR AE R
AFGICHr e A

ALO/(TFeO+MgO) 5 K,0/Na,0

P 7 SV pR L A AE b P 15T (36 Laurent
et al. , 2014)
Fig. 7 Petrogenetic discrimination diagrams of monzogranites
from Culai Mountain in western Shandong Province ( after

Laurent et al. , 2014)

PSR EERE AR S N A BT, i, ASCA N
AR KA R A R TE T2 2. 70 Ga MR T 5%
(BB INESR TTG A7) FIFR A

5.3 s HhEES

TR w38 2R A A A A T B
FOTETS St — EAFTEE UL 00255 AR 1 i 1
P-T- ¢ 8 R 2 2.70 Ga B} 425 DA K X 8, | (1)
29 2.50 Ga fb XA KM S BEM G, A A2 dl e il
AR A A iy A 2R S0 Ah T 0 A i B A 3 1 S
(Zhao et al. , 2001, 2005; Yang et al. , 2008; Wu
et al. , 2014) . BEHBFFSHITEA , Bk 2 194
W, At v i 2R T AT AR AR I BRI A A B AT g
ST 5500 vk G 9 5 II0CA 2R AE A 5t (Guo
et al. , 2015; Wang et al. , 2015; Fu et al., 2017,
2021; Yang er al. , 2020) . {7140, #f JR 48 % (2020)
pOErh ARt e STNIES TN R: A T e AW 2
b T A T e RGP, D P BT Al BT o
Frow MR PR 5 Li 557 (2016) 487 1 4RdL it
0 AR B VY Hh DXUT K 2 A AR A AR R 8 R
1R%9 2. 50 Ga, f8 Bk LA A A BEA
MORB ., 1AB ., OIB AYHEAE , JE BT b — 5 9 %) 4 s
WEE, AN, K R - B -ZR I X 2 2. 54 ~
2.52 Ga W%EIS 5 (Wang et al. , 2009; Jiang et al.
20165 Sun et al. , 2019a) %% L - YT 7K — 4B 3k Hh [X 24
2.54 Ga W AEIRIA A (Peng et al. , 2012) (ZE 1L
X AL 4 5 2 2. 54 Ga BYRE B B X s
(Peng et al. , 2013b) FE—F5 78 T & VU XA v AH
KR E TS 5

e R AR (2. 60 ~2. 50 Ga) A1
A4 AP BY BE: 3 (2 560 ~2 525 Ma) JE A1)
TTG 28R AL A A SR 4 01 T 3 B 1) 748 ot A8
FEAE T, W (2 525~2 480 Ma) 12 A& B BAT A
A A A A BRI SRS 2 | XA AR LR =
T &P XM ARTHIAE 2 525 Ma RS &4 T B E
il 45 81 ol R 4 i A o 9 5 AR (T IR AR 4 20155 Yu
et al. , 2021) W 5N HIETEL 2. 525 Ga
A T 2 78 A 35, — 3 ( Wan et al. , 2010, 2014b;
Wang et al. , 2015; Li et al. , 2016) ,

SAN AL e R )z M EE 2 2. 50 Ga fE K
JERIIA K B 5 A3 ok HL A A B R AE (Fu et al.
2017, 2018) A FEA SCHF R AR 1L K AL X
I e B ES BRE A RG T B TA A, B B  k
Ll VR B AL 5 A A 5 BRI Y R
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TG | K Bl 2445 FRIE 1 J 2 A7 P 0 i 5 o o fi
W5 (Zhang et al. , 2011; 2ZE5, 2023; F &N
%, 2024) , FETEERAFFEHGE TTG A FAL X
RS RAEH MR 2 AL, Laurent 55 (2014) $2
T 2R R0 A i IR b - BB AR | B IA A AR Ky
T WA 5 AE B 5 A T BT G A 3 LA 1 IR
7E Rb/10-Hf-3 Ta EIfif (& 8) Hr, 5% £ 3475 Al
KM 5 5 G A XN, 5 B AR L #
AL AT BB TR T MR X, DA O3 — 15— 40 9
Hi DX A A B AT R R BR BT (A L5,
2022; 5K4R KAE, 2023) , B PEIHMR L K AL K A HE
AT REIE B T i Bl 5 6 LS R A Y S
Ab  FEAEA SR AR AR o A b B RO AR R B )
SRR 5 R A8 T A FH 1 St S A — ol i — s 7 4
Tl 18 1Y #4 3 A% R ( Zhao et al. , 2001, 2005; Wang
et al. , 2016a) ,

Rb/10

BNTEI

KPR
Hf 3Ta

B8 7 A AL b Al i R 3 151 (OIS 2K F Harris
et al. , 1986)

Fig. 8 Tectonic discriminantion diagrams of the monzogranites

in western Shandong( diagram is from Harris et al. , 1986)

KW TRERI  Fetedb se i, B R A
B2y 2.50 Ga W HAER ATERA BN -Zp 3R
ARV B DY ML IX RRUASE A, A4 AR T vy 2 i ke v 25
1 AR R A, BATRYIE G BB 51 3 K
Rilith Z AR ARE i3 A I — il A il i o e ) o %
DA G, 2 Rt A 03 Al e g 3 e A7 ] A4 B 83IE
P& (Nutman et al. , 2011; Wan et al. , 2018; Wang et
al. , 2022) . CAT“# UESEAE BT R AU 4 7R 70 i
P e (14 JEE L AR VHE i i R ARF el 428 BF 5 S UK (e

W, 2011) , 3 308 VO AL I -2 a s a7 3
i PR R A R BR BT AR B A (R SR A
2008; Wan et al. , 2010; Gao et al. , 2019) . R X E
R AR Z K ALK S T 29 2. 48 Ga, |7
A 2 e T AR 1Ly i DX — BT R A AR BV T, 25 L
PR RS 385 8 55, A R B VAR L0 K A X 5 IE R R
0 RIS s H I bRl R I 4 =4

25 L RTIR 6 7 b DR B R A T B B AR e
VRS B0 Al 9 B 5 38 kA T R A s i, AT
T TTG A & ; BAAEL) 2. 525 Ga i vh&h o), i
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AR S i L R A TR A R, e A T R
R A5 s B AE KB AR R 1 TF 50 R 3 AL X 2
1RABN GRS FIAH S A R b B, I BLAT &84 4k
2T T AR FE T AR i B A R -y oy
AR L) 5 i XA B 2 B 52 B, 95 H Al i 1X
— A RS (W A b R i s o
6 5t

I P AR AR 1L K AR A 1S A LA-ICP-
MS U-Pb Q2 FA A M BRI 24 A 5, v] LLAS H 4
BNINLE

(1) BPHMARIL KR G TZ 2. 48 Ga,
[ BF 24 R T AL L b X 0 1 FH A B B

(2) SVYIHMR L A AR 5 i TR T - 559 2 40
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